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This paper presents some of the results of a series of obser-
vations designed as preliminary to a more extended and detailed
investigation of the autokinetic illusion. This subject has been
selected by a graduate student of this department for a doctorate
thesis. As a consequence, a separate publication of these
results was deemed advisable. Historical references and dis-
cussions of explanatory theories have been omitted as much as
possible.

The autokinetic sensation refers to the illusory movement
presented by a small light of weak intensity when fixated in a
dark room. Our tests are designed especially to determine the
conditions governing the direction, speed and uniformity of
these movements. Many observations of previous investigators
have been confirmed during the progress of the experiments,
but these results will not be mentioned except where modifying
statements need be made. Four subjects, C, A, Wand F", were
used at times. At least two subjects were used in every test.

A. EXTENT AND VELOCITY.

Greater extent and velocity of movement were observed than
had been formerly reported. Charpentier1 states that the illu-
sion may attain a length of 300 or more. Subject C reported
illusions of at least 65° in extent. These maximum results
were obtained under conditions of marked ocular fatigue and
constrained eye position. Often the light would move upward
to such an extent that it would appear almost vertically above
the head. Under conditions of previous constrained eye posi-'
tion (see Sec. F.), the light moved with an apparent velocity of

1 'Snr une illusion visuelle,' Comptes rendus, CII.
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i5°-2o° per second, giving the impression of a sky rocket or a
rapidly moving shooting star.

B. UNIFORMITY OF OCCURRENCE.

One subject, F, out of the four did not experience the illusion
under any condition. The fact that some persons cannot obtain
the phenomenon has been reported but no idea has been given
as to the percentage of such cases. The fact that the direction,
rapidity, regularity and extent of the movements vary with
individuals was confirmed. An individual treatment of most of
the results is thus rendered necessary.

C. TYPES OF ILLUSION.

The illusion may occur under three typical conditions: (1)
The point of fixation remains with the light and participates in
the illusory movement. (2) The point of fixation apparently re-
mains stationary and the light moves away from it in some
direction. (3) A combination of the above two types occurs.
Both the light and the fixation point participate in the illusion,
but unequally. The fixation often lags behind the light,
especially for constrained positions of the eyes in the socket.

The first type of movement is the only one specifically
mentioned in the literature. The second type could not be
obtained by subject IV. Observers A and C can obtain any
type of movement at will.

The second type of movement differs from the first in sev-
eral respects. Its extent is less under similar conditions. The
maximum amount of movement observed was 200. The aver-
age extent was approximately 10° in our tests. The amount
varies with individuals, however. Its rapidity is much slower
than that of type I., being barely perceptible in many cases.
Its direction is more uniform during any one observation, and
more constant for successive" tests for the same eye position.
This statement is especially true for the more central eye posi-
tions. Its velocity tends to be jerky and discontinuous as con-
trasted with the relatively smooth, flowing and continuous motion
of the first type. The illusory movement finally stops, the light
remaining stationary at some secondary position. This phe-
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nomenon never occurred in the first type for our subjects, though
it has been reported in the literature of the subject.

D. APPROPRIATE EYE MOVEMENTS.

No appropriate eye movements occur in the first type of
illusion. By an appropriate eye movement is meant one whose
length approximately equals the extent of the illusion and whose
speed and direction bear some constant relation to the velocity
and direction respectively of the illusion. Slight irregular
twitchings of the eye are of course present, as one might readily
infer from the recent photographic work upon fixation and eye
movement. The eyes are thus relatively motionless during the
illusion and the apparent movement of the fixation point is an
illusion.

Appropriate eye movements do occur in illusions of the
second type. The eyes move to the same extent as the light
but in the opposite direction. The fact that the fixation point
appears to remain stationary is an illusory phenomenon.

The position of the point of fixation in relation to the light
thus indicates the relation of the light to the eye. The light is
foveally perceived when the fixation point and the light coincide
in position, and it is peripherally perceived when they do not
coincide. The apparent distance of the light from the fixation
point indicates with some degree of accuracy the extent of the
deviating eye movement. The apparent direction of the light
from the fixation point indicates in a large majority of cases the
general direction of the deviating eye movement. Subject A
reported in one illusion of the second type that the light had
moved upwards and to the right, i. e., the fixation point appeared
to be situated below and to the left of the light. As a matter of
fact the eyes had moved straight to the left.

This question as to the presence or absence of appropriate
eye movements as a conditioning factor of the illusion has been
a subject for some diversity of opinion. The writer1 assumed
the existence of such eye movements on the basis of a striking
similarity between this illusion and that due to eye closure.
Charpentier2 argues against the presence of eye movements.

'PSYCH. REV.,MOD. Sup., Vol. VII., p. 94.

'/did.
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He found that he could control the direction of the illusion to
some extent by attending to some peripheral position while still
maintaining fixation of the light. The illusion is deflected in
the direction of the peripheral attention. Charpentier contends
that any eye movement under the conditions would be directed
toward the position of attention, i. c, would possess the same
direction as the resulting deflection of the light. Conditioning
eye movements are thus impossible because their direction
should be opposite to the resulting deflection according to
known principles of psychological optics.

After the light had moved some distance, Bourdonl rotated
the eyes back so as to fixate the original fixation position and
then suddenly illuminated the room. It was found that the
eyes were directed away from the light to the extent of the
voluntary rotation. Consequently, the light must have been
foveally perceived before the rotation and no eye movement
was present during the illusion.

Our conclusions are based upon three kinds of experiment,
all of which gave uniform and consistent results. (1) Bourdon's
method of turning on the illumination of the room during the
illusion was used. This was often suddenly done by an assistant
at a time when the observer was not expecting it. Invariably,
the eye was found to be fixating the light in the illusion of the
first type. In the second type, some secondary position was
fixated. The relative position of the fixation point and the
light during the illusion was generally found to be the same as
that obtaining after the room was illumined. In one case pre-
viously mentioned, there was a marked discrepancy between
the directional relation of the fixation and the light in the two
conditions of observation. (2) The negative after-image method
was used. The observed light was 1 cm. square. Around
this was placed strips of colored paper 1 cm. wide, forming a
square 3 cm. in dimensions. The light, surrounded by the
colored strips, was fixated with full illumination of the room
until a strong negative after-image of the colored strips
had had time to develop. The illumination was now turned
off, only the light remaining visible. During the course of the

xLa Perception visuelU de I'espace, p. 333 ff.



46 HARVEY A. CARR.

illusion the negative after-image developed and disappeared.
In illusions of the first type the after-image remains with the
light and participates in the illusion. With the second type,
the after-image appears motionless while the light exhibits
movement. In every case, the after-image is located at the
point of apparent fixation. In the first type there are slight
relative movements of the light and after-image indicative of
small irregular movements of the eye-ball whose significance
will be discussed later. (3) The eye was also directly observed
during the illusion by an assistant. The subject's head was
held by a mouth-bit head-rest. Before one eye was placed a
small wooden frame over which was stretched a series of hori-
zontal and vertical threads 3 mm. apart. The assistant was
seated to one side and in front of the subject, a second head-
rest being used to aid in accurate observation. While the room
was illumined, the subject fixated the light and the assistant
sighted through the system of threads at some distinctive mark
on the eye-ball, e. g., the line of demarcation between the iris
and the sclerotic. The assistant illumined the eye observed by
means of an electric flashlight whose light had been diminished
in intensity and narrowed in area. This spot of light illumined
the eye-ball sufficiently for accurate observation, but its position
and intensity were such as not to destroy the illusion. The
room was now darkened, and the eye was observed during the
course of the illusion for as long a time as desired. Two
observers and two subjects were used. In illusions of the first
type, no movements of the eye-ball other than irregular spas-
modic twitchings were observed. In the second type corneal
movements were always present, whose direction, speed and
extent always bore some definite relation to the corresponding
characteristics of the illusion. It is to be recalled that the
illusions of this type are slow, uniform in direction, and that
the illusion finally stops, the light remaining in some secondary
position. The conditions are ideal for the corneal observa-
tions. Corneal movements of 3—4 mm. in extent and of various
directions were observed.
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E. INFLUENCE OF EYE POSITION DURING THE ILLUSION.

The position of the eyes in the head during the illusion is a
determining factor. The strength of this position factor and
the kind of influence it exerts vary with individuals. It may
modify the occurrence, the length, the direction and the velocity
of the movement.

Its most marked influence was upon the direction of the
illusion. Any position tended to cause the illusion to move in
the same general direction as that of the illusory movements due
to winking for the same eye position.1 This was true in a gen-
eral way for three subjects studied. A different result might be
obtained with other subjects. The uniformity of the direction
during any one movement is much greater for some positions
than for others. The direction of the illusion for a series of
tests in the same position is more uniform for some positions
than for others.

One subject could obtain the illusion only for certain eye
positions.

The extent of movement possible varied with eye position,
but the influence of any position in this respect was an individual
variant.

The speed of the movement seemed to vary slightly accord-
ing to the position of the eye, the effect being more noticeable
for some observers. The uniformity of the velocity during any
one illusion and for a series of illusions with the same position
varied markedly according to the positional factor.

The subject's head was held stationary by a mouth-bit head-
rest. The wall of the room was used as a background. Two
constant eye positions were determined, the primary position
and the zero points.2 The light was placed at various positions
on the wall, whose direction and distance from the primary posi-
tion and zero points were known. Tests were made for each
position for a number of days in succession. The direction of
the illusion was plotted on a piece of paper immediately after
the test, and its various characteristics as to speed, uniformity
and extent of movement were noted.

1 Carr, ' Visual Illusion during Eye Closure,' PSYCH. REV., MOB. Sup., Vol.
VII.

* Positions where no illusion occurs during eye closure.
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Observer C performed 132 tests on 11 fixation points for the
first type of illusion. There was a marked tendency for the
light to move toward the periphery of the field. The direction
of the illusion is thus different for the various positions of the
eye in the head. The peripheral component predominated in
88 per cent, of the tests. This peripheral tendency increased
with the distance of the light from the center of the field. The
average percentage for all positions within 300 from the center
was 75. Outside of the 300 zone the average percentage was
95. For extreme fixation positions the percentage was 100.

For a series of tests for the same position taken on succes-
sive days, the direction may vary within certain limits. These
limits of variable direction decrease in proportion to the distance
of the fixation position from the center' of the field. Near the
center the limits are as high as 8o°. This amount decreases to
43° and 15 ° for positions situated 15 ° and 300 respectively from
the center. Outside of the 400 zone the limit of variability is
practically nil.

The rapidity and extent of the movements are as a general
rule greater for extreme peripheral positions. The speed and
direction of any movement are more constant and uniform for
peripheral positions. Inside of the 300 zone the direction and
speed of the movements are highly variable from time to time.
The motion is jerky, erratic and aimless in character.

A peripheral direction obtained for the illusions of the second
type, the eye movements being directed toward the center of the
field. For peripheral positions the movements were longer, and
their direction and velocity were more regular.

The results of subject A are similar to the above. A total
of 175 tests upon 17 eye positions were taken. A peripheral
tendency was present in the majority of cases. This tendency
increased in proportion to the eccentricity of the fixation. The
percentages were 55, 73 and 97 for the distances of 7, 15 and
30 degrees respectively from the zero points. The limits of
variability for successive tests in the same position decreased

1 The center of the field usually refers to the primary position. It was im-
possible to determine accurately the functional center, i. e., that position whose
directional influence upon the illusion is nil. It seemed to lie somewhere
between the primary position and the zero points.
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with the distance of the position from the center. Approximate
constancy of direction obtained outside of the 35 ° zone. Inside
of this zone, the rapidity was relatively slow, the extent small,
and the velocity and direction highly irregular. The peripheral
direction obtained for illusions of the second type. The length
and regularity of speed and direction varied with the eccentricity
of the fixation position.

Both of the above subjects possess zero points, and the direc-
tions of the illusory movements due to eye closure generally
possess a marked peripheral component. This peripheral
directive tendency also obtains for the autokinetic illusion, and
the strength of the position factor increases with the eccentricity
of the position for both kinds of illusion.

With subject W, the illusion moved upwards in every case
except one. The position of the eye in the head modified the
direction slightly. The movements were slightly inclined to the
right for all positions in the right half of the field. A leftward
tendency was noticeable for positions in the left half of the field.
In the lower half of the field, no illusion could be obtained in
50 per cent, of the trials. In the upper half of the field the
movements were much longer and faster than in the lower half.
The directions of the autokinetic illusion are similar to those
of the winking illusion for the subject. No illusion of the second
type could be obtained.

F. EFFECT OF PREVIOUS EYE POSITION UPON THE ILLUSION.

An eye position not only exerts a characteristic influence
upon the illusion while the eye is in that position, but it leaves
an after-effect which modifies the direction and velocity of the
illusion in a characteristic way for subsequent eye positions.
The behavior of the light in any position thus may be a func-
tion both of that position and previous eye positions.

The duration of the after-effect varies between zero and one
minute, and it is a function mainly of the distance of the position
from the center of the field and the length of time the eye main-
tained the position. To a slight degree it is also a function of
the direction of the position from the center.

The directional effect of a previous fixation position is a
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function of the distance and direction of that position from the
center of the field. The field of regard may be divided into
zones, an inner and outer. Any position ' a' in the inner zone
tends to make the illusion for subsequent positions move in the
same direction as that of ' a' from the center. Any position
' b' in the outer zone tends to make the illusion for subsequent
positions move in a direction opposite to that of ' b' from the
center of the field. This opposite direction of movement is
quite rapid and is always followed by a slow return movement.
The directional effects are in no way dependent upon the dura-
tion of the original fixation.

The effects upon velocity are a function mainly of the dis-
tance of the position from the center and the duration of the
fixation. To a slight degree it is a function of the direction of
the position from the center.

The after-effects of a position are thus neither similar nor
antagonistic to the effects of that position during the illusion
(see previous section).

The above generalizations are based upon two series of tests
upon.subject C. They are not to be regarded as possessing any
universal validity. The light was placed in the center of the
field where the effect of the position factor is at a minimum.
The general direction of the illusion at this position was de-
termined in a series of five successive tests at the beginning of
each day's experimentation. These directions furnish the norm
for comparison. During full illumination of the room, the
observer was asked to fixate some peripheral position for a
definite period of time determined by a stop watch. At the end
of this period, the assistant suddenly turns off the illumination.
The subject is directed to rotate the eyes and fixate the light
immediately upon the darkening of the room. A series of seven
positions 30 cm. apart in four directions from the central light
were chosen. The distances of these positions from the center
will hereafter be expressed in angular terms in reference to
eye as the spherical center. Each position was fixated for
seven different periods of time, varying from a second up to 2
minutes. This makes a total of 196 tests. This whole series
was repeated. The direction of the movement was plotted
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immediately after the test. These directions were compared
with the normal direction for the central position.

As to the after-effects of position, the field may be divided
into two zones, an inner and an outer. The inner zone is
elliptical, the shorter axis being the vertical. The lengths of
the two axes are approximately 45 ° and 6o°.

Previous fixation of a position in the inner zone deflects the
light to some extent in the direction of that position, provided
any influence is present. Fixation of a spot 23 ° to the right or
left of the light results in a deflection of the illusion toward the
right or left respectively. This is termed an illusion in the
same direction. An effective fixation of a position in the outer
zone produces at first a rapid movement directed away from
that position. This is followed by a slow return movement in
the same direction. Fixation of a position 400 above the center
produces at first a rapid downward movement which is succeeded
by an upward movement. This is termed an illusion of the
opposite direction to distinguish it from the effects of positions
in the inner zone. The influence of the outer zone is more pro-
nounced and characteristic than that of the inner zone. It
completely determines the direction of the illusion. This direc-
tion is constant for successive trials in the same position. Posi-
tions in the inner zone simply modify the illusion in a general
way. There is no constancy for successive trials, a pronounced
variable factor being present. Other effective influences are
present besides that due to previous position. Thus the position
leaves an after-effect which modifies the direction and velocity
of the illusion for a central position.

The distance of 30 cm. between the positions was chosen
arbitrarily. This gradation is too large to admit of any accu-
rate delimitation of the zones. In the horizontal the directive
results were the same at the 290 45' position and the oppo-
site at the 400 30' position. At the 350 30' position both tenden-
cies were present, one or the other being predominant at times,
or the two forces neutralizing each other. For this reason the
35° 3°' position has been chosen as the horizontal limit. In the
vertical the directive results were always the same for the 23 °
position and opposite for 300 position. The zonal limits are
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evidently somewhere between these two values. The same re-
sults were obtained in both series of tests.

The occurrence, velocity and duration of the after-effect de-
pend upon the length of time the position was fixated. The dura-
tion of the fixation exerts no directive influence, however. These
results for horizontal fixation points are represented in Fig. i .
The ordinates represent the duration of the fixation in sec , and
the abscissae represent the distance of the position from the center
in degrees. The dotted vertical line through the 35 ° 30' position
represents the boundary between the two zones. (1) There is a
minimum duration of fixation necessary to secure any result, and
this period decreases with the eccentricity of the fixation position.

no
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This is represented by the lower curve. Below this line, no after-
effects can be secured. The duration intervals were chosen
arbitrarily, and they are too large to admit of the construction
of an accurate curve. The curve is based upon the facts that
the period of effectiveness is less than 30 sec. for positions inside
of the 160 zone, less than 15 sec. for the 23, 30 and 35 y2 degree
positions, while a momentary fixation is effective outside of
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the 400 zone. (2) There is a certain period of fixation
necessary to secure the maximum of result for any position.
This period varies with the position. The upper line of the
figure represents this curve of maximum efficiency. The highest
point of the curve — i. e., the greatest time necessary to secure
the maximum of result — is near the boundary line between the
two zones. (3) Between the lower and upper limina of effec-
tiveness, t. e., between the two curves, the effect of any position
increases in proportion to the duration of fixation. (4) After the
maximum of effect has been obtained, further fixation decreases
the effect. The effect for any position decreases in proportion
to the height of the time ordinate above the maximum efficiency
curve.

The preliminary character of the above tests is readily
apparent. Merely the general character of the results has been
stated. Many details and variations have been omitted. There
are a number of facts which point to some such final statement
as the following : Fixation of any position leaves two antago-
nistic effects, one tending to make the light move in the same
direction and one in the opposite direction. The opposite tend-
ency is the stronger but its duration is less than the second
tendency. The duration and strength of each increases with
the eccentricity of the position though not in the same ratio.
The effectiveness of each for any position varies with the dura-
tion of the fixation, but not to the same degree. Such a con-
ception is merely suggested as being the possible outcome of
further experimentation.

The disturbance resulting from positions in the outer zone is
very characteristic and noteworthy. The first movement in the
opposite direction varies in duration from 1 to 21 seconds. It
is very rapid; at the maximum speed obtained the light gave
the impression of a rocket or a shooting star. Its initial velocity
was often judged to be as high as 15-20 degrees per second.
The subject was directed to fixate the light immediately upon
the darkening of the room. The light had often moved 25-35
degrees before the eye succeeded in fixating it. This initial
rapidity gradually decreases until the opposite movement stops
and the return movement occurs. In this rapid phase of the
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illusion there is a marked discrepancy between the apparent rate
and duration of the movement and the amount of space trav-
ersed. Although the velocity may average io° per second for
at least 15 seconds, yet the light may not appear to move more
than 210 cm. —an angular distance of 450 . The light moves
in a series of spurts, i. e., the velocity seems checked momen-
tarily from time to time. At these moments one's idea of dis-
tance seems to undergo a transformation. During the first
spurt the light moves rapidly through a certain distance, e. g.,
400. During this period the extent and rate of movement are
proportionate. The velocity now is noticeably checked for a
moment, and at this time the transformation of conceptual space
values occurs, for the light suddenly seems but io° instead
of 4O0 distant from its starting place. Another spurt occurs
and the light now moves to a distance 45 ° from the center.
This is followed by a second check in which the 45 ° instanta-
neously shrinks to something like 15 °. This process is con-
tinued, though it is more marked in the initial phases of the
movement. The above values are intended to be merely illus-
trative. As a consequence the light gives the impression of
moving very rapidly without getting anywhere.

This opposite movement due to the extreme peripheral fix-
ation can be obtained by subject C in ordinary perceptual con-
ditions. The only difference is one of degree. The experience
in daylight is very similar to that obtained by rotation dizziness.

In all the above tests the light has been located at the center
of the field. The after-effects of a peripheral fixation will be
the same no matter where the light is located. If * c' refers to
the center of the field, ' a' to some fixated position, and ' b ' to
a peripheral location of the light, the general statement may
be made that the after-effects of fixating ' a' depend upon the
distance and direction of • a' from ' c,' and in no wise upon the
spatial relation of ' a' to ' b.' This statement is based upon the
results of numerous tests. The following are given as illus-
trations : (1) The light was placed 15 ° to the right of the center,
and the eye fixated a spot 300 to the left of the center. A slow
movement to the left resulted. (2) The light was placed at
the center and a fixation point 45° to the left was chosen.
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A sky rocket movement to the right resulted. The distance and
direction of ' a' to ' b ' were identical in the two cases, but the
results were different in both direction and velocity. In the
first case practically the same effects would have been obtained
if the light had been located at the center of the field.

If the light is placed in some extreme peripheral position,
where the illusory result is determined by the eye position during
the fixation, two tendencies are apparent, that due to the position
itself (see £) and that due to the effects of the previous position.
These tendencies may enhance or neutralize each other. Con-
sequently the illusory movement of the light at a position ' b' is
a function of the distance and direction of both ' b' and ' a'
from the center.

The after-effects of eye position are thus a disturbing factor
which must be taken into account in determining the effect of
the position factor (see £). A small interval of time (not more
than i min.) should be allowed between successive tests. In the
interval, the eye should occupy the central position. These pre-
cautions were not systematically observed in the tests described.
Consequently, it is possible that some of the variability of results
in the earlier phases of the movements may be explained in this
manner. Such a factor could have no influence upon the final
direction of movement because the course of the illusion was
generally observed during more than a minute's fixation.

All of the preceding results refer only to subject C. The
observations of A differ in a few details. Three zones of in-
fluence were evidenced. Positions in the inner and outer zones
deflected the illusion in the opposite direction. A like direction
obtained for the middle zone. The boundary between the two
outer zones was elliptical, the vertical axis being the longer.
The limit of the inner zone was between 8°-i6° from the center
of the field.

Subject F could not experience the illusion under these
conditions of induced fatigue. But few tests were taken upon
subject W. Previous eye position was effective to some degree
but its influence was not marked. The few tests made do not
allow of any general statements as to the directive character of
the disturbance.
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Evidently the after-effects of eye position vary markedly
with individuals as do the effects during fixation. The char-
acter of the after-effects apparently is related in some way to
the influence exerted during fixation, because observers C and
A give similar results in both experiments. The relation is not
one of directive antagonism, however.

These after-effects are probably to be considered as due to
ocular fatigue. Constant fixation of a peripheral position can
be maintained by subjects A and C only with strain and effort.
This necessary effort increases with the eccentricity of the posi-
tion. Extreme positions soon induce fatigue almost to the point
of exhaustion. After inducing fatigue, a rotation of the head
around the anterior-posterior axis changes the direction of the
disturbance. If the normal results of a fixation is a movement
to the left, a 90° rotation of the head on the left shoulder will
cause the light to move downward. This evidences the fact
that the effects of a fixation are resident in the ocular muscles.

G. SOME FACTORS PRODUCING VARIABILITY OF DIRECTION.

In the two preceding experiments to determine the influence
of eye position, an irregularity in speed and direction during
the illusion, and a variability in direction for successive tests on
the same position were noted. This variability was extremely
pronounced for subjects C and A for central positions where
the influence of eye position was minimal. This variability
indicates the functional efficiency of other determining factors.
The remaining tests were designed to determine the nature of
such variable disturbing factors.

1. Influence of Retinal Rivalry.—The average direction
of movement for monocular and binocular conditions of obser-
vation was determined for a number of positions from a series
of successive tests. The average directions for the three con-
ditions of observation differ slightly. Right or left monocular
vision with subject C tends to deflect the direction to the right
and left respectively. The binocular direction seems to be
either a mean between the other two, or else to be coincident
with one of them. One is not justified in making any general
statement other than that some directive influence probably
exists.
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In binocular vision the two eyes are known to alternate fre-
quently in visual effectiveness, i. e., to approximate monocular
conditions. If the direction varies for the three conditions of
observation, it is probable that these frequent alternations of
ocular effectiveness should result in some slight disturbances in
the direction or velocity of the movements.

2. Effect of Voluntary Eye Movements during the Illusion.
— The subject was directed to rotate the eyes from one edge of
the light to the other from time to time during the illusion and
to note any coincident disturbances in direction or velocity. The
eyes were rotated in both the vertical and horizontal planes.
The tests were performed for various eye positions. Two lights
were used, a square light of i cm. dimension, and a light in the
shape of a cross allowing movements 3 0 in length. The effects
were similar for both lights. Frequently no disturbance was
noted. A slight momentary influence of the same direction as
that of the eye movement was generally present. The dis-
turbance was momentary and never more than one half degree
in extent. No permanent influence upon the direction or veloc-
ity of the illusion was ever noted. These eye movements may
thus result in a slight temporary irregularity of direction or
velocity.

Observations were made while attempting to fixate a distinct
point in the light. These results were compared with those
obtained when the fixation was allowed to wander over the light
at will. No differences in direction or velocity could be noted
between the two conditions of observation.

The eye was rotated toward the light from various directions
at the beginning of the illusion. Care must be taken to choose
such distances that no after-effect of the previous position is
evident. The effect of the eye movement per se is desired.
A slight temporary disturbance of the same direction as that of
the eye movement was generally observed. No permanent
effect was exerted.

The fixation was suddenly shifted for various distances and
directions away from the light during the illusion. Such move-
ments of more than 2° tend to destroy the illusion temporarily,
the light appearing to be located nearer to its original position.
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If the eye is held stationary in the secondary position the illusory
motion again appears. The illusion is now slow and small in
extent and its direction is similar to that obtained when the light
is located at the secondary position. The illusion is similar
to that of the second type. Subject W reported that during
the voluntary shift the light appeared back in its original posi-
tion without any sense of motion being aroused. With subject
C the light generally returned only part way toward its initial
position. In approximately half of the tests the return was
accompanied by an exceedingly vague and fleeting sense of
motion, a phenomenon of which one could make no very con-
fident statement. Large and rapid voluntary sweeps of the eye
away from the light during the illusion thus awaken a more
accurate impression of the position of the eye in its spatial
reference. They transform one's conceptual system of space.
This sudden transformation of conceptual space relations often
awakens an impression of a sudden fleeting motion on the part
of the light. This transformation of conceptual spatial values
is identical with the phenomenon observed during the rapid
movements due to previous eye position.

3. Effect of an Objective Movement of the Light. — During
the illusion the light was oscillated in the horizontal direction.
The test was made for various eye positions. The extent of
movement was either 30' or i° 20'. The rapidity of the oscil-
lations was varied. For those positions where the illusion
normally moves rather rapidly in a vertical direction, one ob-
tains a spiral or cork-screw effect, a composite of the horizontal
oscillations and the vertical movement. For positions where
the light moves rapidly in the horizontal, the oscillations alter-
nately accelerate and retard its velocity. When the illusion is
normally very slow and the oscillations are quite rapid, one can
detect the presence of the illusory factor, but its continuity and
regularity is destroyed or rather overshadowed by the rapid
oscillations. So far as can be observed, objective oscillations
do not disturb the illusion in any way, for the total result is a
composite of the oscillations and the normal illusory motions
for that position. If any effect is exerted, it tends to decrease
the velocity.
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4. Effect of Involuntary Eye Movements during Fixation.
— It is axiomatic that absolute constancy of fixation is impossi-
ble. Slight irregular involuntary shiftings of the eyes are
almost continuously present. Slight eye twitchings were
directly observed in these tests. Some writers are inclined to
attempt a complete explanation of the autokinetic phenomenon
in terms of these involuntary eye movements. The relation
between these involuntary eye movements and the illusion was
studied by the negative after-image method. The method was
described in Sec. D. In illusions of the first type a previously
induced negative after-image remains with the light and par-
ticipates in the illusion. However, there are slight irregular
relative movements or oscillations due to the involuntary shifts
of the eye-ball. It is not contended that these oscillations give
information of every eye movement, for some of these latter
may be so small that the consequent shift of the light stimulus
over the retina is below the spatial limen, i. c, non-effective
upon the location of the corresponding perceptual object. The
oscillations do represent the spatially effective movements. The
distance between the edges of the light and the concentric
after-image was 1 cm. A rather accurate estimation of the
length and direction of the oscillations was thus possible. A
simultaneous comparison of the presence, extent and direction
of the effective eye movements and the length, direction and
velocity of the illusion is thus possible. A series of observations
was made by subjects C and A. Various eye positions were
used, and hence all typical characteristics of the illusion were
studied. Oscillations occurred at some time in every test, though
there were periods in which none could be detected.

Generally no effective eye movements occur during the
marked and significant directional changes of the illusion.
When such eye movements are present, their direction bears no
constant relation to the illusory phenomenon. Fifteen observa-
tions were made during a marked and permanent change of
direction. In most of the cases the direction was completely
reversed. No oscillations were detected during or just previous
to thirteen of these directional changes. The movement was
reversed from an upward direction in the two remaining obser-
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vations wherein oscillations were present. The oscillations
were in the horizontal in one case, while the fixation shifted
upward 5 mm. in the other.

No difference could be detected in the behavior of the illu-
sion for the periods wherein no oscillations were present as com-
pared with those periods in which they were detected.

The direction of the oscillations bore no constant relation to
that of the illusion. As lo direction the oscillations are very
irregular while the illusion may be constant and uniform in this
respect. Periods sometimes occur in which the illusion is very
irregular in both velocity and direction while the oscillations are
normal in character.

The length and rapidity of the oscillations vary markedly
from time to time. The average amplitude was approximately
5 mm. around the center of fixation. No movement greater
than 1 cm. (16') was observed. No correlation could be made
between the extent and rapidity of the oscillations and the
velocity of the illusion. The oscillations were possibly less
pronounced for peripheral than for central fixation positions.
The speed, length and uniformity of the illusory movements
are the greater in the former case. Observations were made
during the 'shooting star'effects previously described. The
oscillations were slow and small during these rapid velocities.

Oftentimes no oscillations occur, yet the light and the after-
image are not concentric. In other words the light is perceived
paracentrally. The extent and direction of these deviations
from foveal fixation were noted in relation to the various charac-
teristics of the illusion. No correlation between the two could
be made.

On the whole, no correlation was found between the various
characteristics of the illusory movements and any features of the
oscillations. On the contrary, the results suggest that possibly
steadiness of fixation may favor the velocity and uniformity of
the movements.

In this connection it may be well to note that some observers
cannot obtain the illusion under any conditions. Others find it
impossible to experience the illusion for certain eye positions.
One would hardly dare venture the opinion that involuntary eye
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movements do not occur in these cases, that some people can
maintain absolute fixation. In view of these facts, the hypothesis
that regards the eye movements as the sole and sufficient expla-
nation of every phase of the illusion is impossible. Otherwise
why should the bulbular twitchings beget an illusion in one case
and not in another?

One feature of the oscillations merits additional comment.
Since the negative after-image corresponds to a purely retinal
process, it would seem that any relative movement of the after-
image and the light due to eye twitchings would be exhibited by
the after-image. As a matter of fact this was not true. The
oscillations were due to irregular movements on the part of the
light. This fact might seem at first thought to disprove the as-
sumption that the oscillations represent eye movements. This
possible conclusion is not justified for two reasons: (a) No
oscillations were ever observed between two concentric negative
after-images. (3) When two lights move relatively to each
other, the movement for some reason is ascribed to the smaller
object. This general statement is the result of three series of
observations. The first refers to the observations already re-
ported wherein a small light was perceived in the center of a
large after-image. The light exhibited the motion. In the
second series, a small negative after-image was developed in the
center of a large light. In this case the relative motion was
invariably exhibited by the after-image. In the third series
two objective lights of equal intensity but of unequal size were
perceived in an otherwise darkened room. They were situated
some 10 cm. (20 45') apart. The assistant could move either
light a distance of 4 cm. The observer was allowed to fixate
the lights as desired and he was requested to judge as to which
light exhibited movement. Any motion on the part of the small
object was correctly perceived. With a medium velocity, any
movement of the large light was interpreted as belonging wholly
or in part to the small object. Such complete transference of
the motion occurred in 80 per cent, of the tests. If the motion
of the large object be small in extent and slow and uniform in
velocity, the illusory transference will persist in spite of knowl-
edge on the part of the observer.
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5. Effect of Eye Closure ufon the Illusion.—Involuntary
blinking occurs quite frequently during the course of the illusion,
and from casual observation one suspects that these lid move-
ments are influential in determining the irregularities of speed
and direction which so often characterize the illusory experience.
Three series of observations were made to test this point, (a)
Blinking was inhibited for as long a period as possible. (6)
Binocular and monocular winking was initiated voluntarily.
(c) Prolonged and intensive eye closures were instituted. All
eye positions were studied in this manner and these periods were
compared with normal conditions of observation. Inhibition
of the involuntary blinkings exerted no apparent influence upon
any characteristic of the illusion. Voluntary winks were some-
times effective and sometimes not. The effect was more fre-
quent for central eye positions. For peripheral positions the
velocity of the illusion was occasional^ checked temporarily
but no directive influence was noted. A momentary disturb-
ance of direction was observed in 50 per cent, of the tests for
central positions. The direction of the disturbance varied with
the eye position but it was constant for any position. The dis-
turbance was slight and temporary, consisting of a sudden
jump of about i ° on the average. Kfcrmanent change of
direction coincided with a wink in but one case out of 50 trials.
Prolonged and intensive closure gave similar results with the
exception that the extent of the disturbance was greater. The
effect marked merely the beginning of each successive inner-
vation and it varied in amount with the strength of the innerva-
tion. An increase of the effect was obtained as long as the
innervation could be increased in intensity.

One observation of A is noteworthy. The light had moved
seveVal feet. After winking, the light appeared to be only a
few inches distant from its starting point. This is another
illustration of that sudden transformation or rather shrinking of
space values which we have previously noted.

6. Voluntary Control of the Illusion. — Charpentier noted
that the direction of the illusion could be modified voluntarily
while still maintaining fixation of the light. He accomplished
this result by thinking of or peripherally attending to some
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object located in the desired direction, or by thinking of per-
forming a movement in this direction. All observers were able
to produce the effect at times. No observer could secure the
result in every trial. A sudden and unexpected sound often
deflected the light in its direction. Bourdon reports the same
results with several subjects. The effect was secured with dif-
ficulty in some cases. A preliminary movement of the eyes in
the desired direction was serviceable in securing control. The
effect often persisted only during the voluntary effort.

The possibility of voluntary control was confirmed by our
tests. The control may be exerted upon either the direction,
velocity or extent of the movements. Subject Wwas unable to
secure any effect. Apparently the degree of control possible
varies with individuals. Voluntary influences are more effective
for central eye positions. The control is never complete or ab-
solute. Certain given determining conditions are always pres-
ent in comparison to which volition is relatively powerless.
Volition is rarely ever immediately effective. Its influence is
manifested slowly and the effect gradually increases during a
prolonged effort. The disturbance of direction is temporary if
the voluntary effort is exerted but for a short period. After the
movement once gets well started along the desired direction, the
effect may be relatively permanent, i. e., the deflected direction
may be maintained after the effort has ceased. The difficulty
involved in voluntary control seems to consist in getting the
desired movement started with a sufficient momentum. The
light gives the impression of possessing an inertia difficult to over-
come. Once the light gets thoroughly started, its own momen-
tum carries it forward.

From the standpoint of explanation, the crucial point is not
the fact but the mechanism of voluntary control, a question which
has not been considered in previous treatments of the autokinetic
phenomenon. Our introspective observations indicated that in-
nervations or strain sensations of certain ocular and facial muscles
are necessary and essential to volitional control; that mere voli-
tion, i. e., the idea of the proper direction and the mere fiat or
intellectual decision, is functionless ; that the effect occurs only
when the volition is translated into appropriate motor terms and
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that the degree of effect secured is proportionate to the intensity
and direction of these motor tensions.

In voluntarily deflecting the movement to the right, there
was a rightward ocular strain which often became painfully
fatiguing. The trunk of the body became set and rigid, the
breath was held, the jaws were firmly set and the facial muscles
were twisted and pulled over in the desired direction. With
a downward deflection there was an appropriate pull of the
ocular muscles, and the facial muscles around the cheeks, eye-
lids and brows participated in the downward movement. The
secondary contractures of the muscles of the jaws and the trunk
of the body were also present. The eyes did not move because
they were innervated antagonistically. Yet the antagonistic
innervations did not seem equal, the surplus of one, as it were,
overflowing into the surrounding muscles. These facial con-
tortions were directly observed.

The necessity of these tensions was indicated by the fact
that they were invariably present, that the degree of influence
exerted was proportionate to the intensity and extent of the con-
tractures, and that the attempt to control the illusion without
concomitant strain sensations was unsuccessful.

A series of tests was made to determine the functional effi-
ciency of motor tensions upon the illusion. While observing
the illusion in a normal manner, various groups of muscles were
strongly innervated without any thought of or attempt at voli-
tional control over the illusion. All resulting disturbances were
noted.

(a) The light was placed in a central position for which the
normal behavior of the illusion was known. While observing
the illusion the subject was asked to listen passively to some
continuous sound located in a peripheral position of the field.
Passive attention means a mere awareness of the nature and
position of the sound without the presence of any ocular or
auricular tension. No influence on the illusion was noted.

The subject was requested to give active auditory attention
to the sound. This involved auricular attention with no ocular
strain. A prolonged and intensive effort of such a character
generally deflected the illusion to a slight degree in the direc-
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tion of the sound. The result was not pronounced nor did it
occur immediately.

Visual and auditory attention was initiated. The subject
was requested to listen intently and to visualize the position of
the sound. As a rule a deflection of the illusion in the direc-
tion of the sound occurred. An appropriate eye-strain was
generally detected in the effective tests.

(b~) All of the muscles of one hand and arm were vigorously
contracted. The attempt was made to confine the innervation
to these members exclusively. Slight disturbances were noted
in the majority of the tests, the extent and direction of which
were irregular.

Deep and slow breathing was instigated, the breath being
held as long as possible. Unequivocal results were obtained in
but one test. Inspiration deflected the movement upward, a
return movement accompanying the expiration. This oscilla-
tion occurred for every act of respiration in this particular test.
Subject A could obtain no results.

A strong contracture of the jaws produced a noticeable
downward deflection of the movement under all conditions. A
release of the tension was followed by an upward movement.
The effect was quite pronounced and it followed the innerva-
tion almost immediately. No influence was obtained by sub-
ject A.

A binocular strain of the eye as represented by ' staring
hard' at the light gave a very slight downward effect in some
cases. A similar monocular innervation produced an effect in
the majority of cases. For the left eye, the deflection was
down and to the left. The deflection for the right eye was
down and to the right. These statements refer to subject C.
Different directional results were obtained by A.

A unilateral strain of the eye in any direction resulted in a
pronounced deflection in that direction. This refers to a pull
or strain on the eye in a lateral direction without any conse-
quent deviation of fixation. A pronounced strain of this char-
acter involves facial contractures in the same direction. The
disturbance was proportionate to the intensity and duration of
the innervation and the number of facial muscles involved.
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The direction of the illusion for central positions may be per-
manently reversed by a continuous and intensive effort of
twenty seconds duration. In fact, the illusion may be almost
completely controlled for central positions. ' Marked alterations
of direction and velocity can be effected for peripheral positions.

Fixation of extreme peripheral positions can be maintained
by subject C only by strenuous effort which is painfully fa-
tiguing. By alternately relaxing and increasing the innervat-
ing effort without deviation of fixation, the light can be made to
vibrate to and fro through a distance of 7°-8°. The velocity
of the movement can be controlled by regulating the degree of
innervation. In this case the eyes are not strained away from
the light, as described in the previous paragraph. The effort
is directed rather toward a maintenance of the fixation.

Fatigue resulting from a prolonged ocular tension produces
marked disturbances whose direction is opposite to that of the
strain. While the room was illuminated, the observer fixated
the light and strained the eye in some direction. These ten-
sions were maintained for periods of thirty to sixty seconds.
The subject was directed to relax the tension at the moment
the room was darkened, but still to maintain the fixation. The
illusion was observed and compared with the norm for that eye
position. The illusion was deflected in a direction opposite to
that of the strain in 75 per cent, of the tests. The duration of
the disturbance varied from 30 sec. to 2 min. The effect was
more pronounced ior strains to the right or below.

A number of observations were made during a condition of
a constrained position of the head in relation to the body. The
body was twisted so that the line of vision was directed over
one shoulder. The head and the eye maintained their normal
positions in reference to the light and relative to each other
because of the head rest. The illusion under these conditions
was compared with the norm for a number of positions. Sub-
ject C reported a possible disturbance for some positions. The
results were too slight to admit of any confident assertions.
Observer A, however, reported an average deflection in direc-
tion of 45° in 90 per cent, of the tests. The direction of the
disturbance was always opposite to that of the body torsion.



THE AUTOKINETIC SENSATION. 6j

Charpentier has reported that with monocular observation,
finger pressure upon the closed eye produced deflections whose
direction was dependent upon the character of the pressure but
independent of the position of the eye in the socket. Our tests
did not confirm these results in toto. The direction of the dis-
turbance was dependent upon both the direction of the pressure
and the eye position. The amount of deflection varied from
30' to 5 0 . The influence was temporary and it occurred only
at the beginning of the pressure. Inasmuch as the pressure is
exerted upon the closed eye, it is difficult to conceive how the
vision of the opposite eye can be effected unless through the
medium of the binocular tension. Binocular adjustment is
unitary and any force exerted upon one eye must necessarily
effect the tension of the other eye. A readjustment of binocular
innervation is needed to resist the interrupting force.

The effect of prolonged and intensive eye closure described
in Section 5 is similar to the above phenomena and may be ad-
duced in support of the theory of innervation. An influence
was noted at the beginning of each successive innervation of the
lid muscles of the closed eye. The effect varied with the
strength of the innervation. That is, this effortful contracture
of the closed eye influences the illusion as experienced by the
opposite eye.

H. THEORETICAL SUMMARY.

One common theory attempts a complete explanation of the
illusion in terms of the involuntary eye movements. These
small movements which are highly irregular in direction and
extent are conceived to be integrated in some fashion so as to
mediate the sense of a large and continuous movement of the
light. This theory maybe conceived of in two ways: (1) That
the effective principle is the consequent retinal shiftings of the
stimulus which awaken the sense of motion and which are com-
bined into a continuous whole. The eye movement theory is
generally stated in such terms. (2) The effective factor may be
regarded as the fluctuating motor tensions which lead to the eye-
movements. This paper admits that such eye-movements may
play some minor role in the illusion, but it denies that they may
be legarded as the only or the most important factor in the
phenomenon.
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Theoretical considerations may be urged against the theory
as the sole explanatory principle. Why should the eye move-
ments become integrated ? What is the mechanism of this un-
conscious integration? Why does not the integration occur
under normal conditions of perception? How and why should
the process of integration be modified by the factor of position,
etc. ? Why should the process of integration achieve such
diverse results under similar conditions? Factual objections
may be given. Some people cannot experience the illusions
under any circumstances. Some people can obtain the phe-
nomenon for some eye positions, but not for others. The illu-
sion does not occur in normal perception. No one can deny the
presence of involuntary eye movements under these conditions.
If eye-movements produce an illusion in one case and not in the
others, at least some secondary principle of explanation is neces-
sary. The conception to our mind is simply preposterous.

The experimental facts on the oscillation of the light and
negative after-image are adduced against the contention that
these eye movements are the most important causal factor. It
may be objected that the test is faulty inasmuch as only the
spatially effective eye movements were correlated with the illu-
sion, that many minimal movements escaped detection. The
objection may be granted without necessarily invalidating the
argument, (i) If the large eye movements, as our results indi-
cate, are practically without function, it is illogical to ascribe
any pronounced effectiveness to the minimal movements. (2)
The contention is rather inconsistent in that it assumes that eye
movements which are s-patially non-effective as to oscillations
are yet spatially effective in that they produce the illusion.

Other facts than those given in the section on oscillation may
be cited. A series of observations in which a small point on the
light was fixated was compared with one in which the eyes were
allowed to wander at will over the surface of the light. The
eye movements were probably more pronounced in the latter
case. No difference in the behavior of the illusion in the two
cases was detected. In all probability the eye movements were
accentuated when the light was moved objectively, but the illu-
sion was retarded. Retinal shiftings of the stimulus occur in
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the voluntary rotations of the fixation over the light, in the wink-
ing test and when the light was oscillated. These retinal shifts
were sensed as motion, but the movements were not incorporated
as an integral part of the illusion. They stood out independent,
as additions, as disturbances; they were not undiscriminated
parts of a continuity. If a series of irregular shiftings due to
involuntary bulbular twitchings can be integrated to form a one-
directional unity, as the theory assumes, it would seem that these
shifts due to winking, voluntary rotation, etc., should be incor-
porated more successfully into the integrated whole. The fact
that they are not so incorporated leads one to question the inte-
gration theory. The results on the oscillations of the negative
after-image indicated that, if anything, steadiness of fixation
favors the velocity and uniformity of the illusory motion, that
the retinal shiftings due to involuntary rotations are to be re-
garded as disturbing elements, and that integration does not
occur.

In the way of a positive contribution to a theory of expla-
nation, our experiments reveal four effective factors which are
influential in determining the direction, velocity, and continuity
of the illusory movements. (1) The position of the eye in its
socket; (2) the after-effects of eye position; (3) motor strains as
exemplified in the tests on voluntary control, and (4) the after-
effects of such strains. The mutual relations of these four con-
ditions are to be considered.

The second and fourth are similar in that the after-effects
which are so influential upon the perceptual experience must be
considered as resident in some way in the neuro-motor mechan-
ism. Compare a normal illusion with that obtained for the
same position after a previous constrained position or a uni-
lateral strain on the eyes. Radically different illusory results
are obtained in the two cases. The effects cannot be ascribed
to a difference in the sensory conditions of the observations, for
these are similar. The after-effects are independent of the
position of the eyes in the socket. Turn the head on the
shoulders and the direction of the illusory disturbance is changed.
The after-effects must be resident in the neuro-muscular mechan-
ism. It is immaterial whether these effects be termed fatigue
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or whether they be located in the muscle or in the motor centers.
The purport of the facts indicates that different neuro-muscular
conditions of observation give diverse illusory results.

The first and third factors are similar in several respects:
'(i) they both involve effort and strain, (2) the light moves in the
direction of the strain, and (3) the illusory effect varies in direct
proportion to the degree of strain involved. For the third factor
these statements are a summary of the section on voluntary con-
trol. Their application to the position factor needs additional
comment. Observers A and C can maintain a peripheral fixa-
tion position only by a strenuous effort which, if prolonged,
becomes painfully fatiguing. The eye tends continually to
move back to a more central position. The effort is directed
peripheralward and the resulting illusion is in this direction.
The degree of effort involved varies directly with the eccen-
tricity of the position, as does the illusory effect. In illusions
of the second type, i. <?., those due to eye movements, the eyes
are invariably forced back toward the center of the field. The
contention that the eyeball encounters a resistance in assuming
and maintaining any peripheral position, and that this resistance
varies in amount and character with the position is supported by
the results of a previous paper on the winking illusion. This
illusion was found to be due to an enforced eye movement whose
direction and extent varied with the eye position. The eye-ball
is not a perfect sphere and its rotary and geometrical centers do
not coincide. The surrounding fatty tissues thus offer a resist-
ance which tends to force the bulb in a characteristic direction
for any position of the eye in the socket.1 Now eye position,
for our three subjects, exerts the same influence upon both the
autokinetic and the winking illusion, i. e., the force exerted
upon the bulb in any position by the surrounding tissues is pro-
portionate and antagonistic to the extent and direction respectively
of the autokinetic illusion. The muscular effort involved in
overcoming this resistance in assuming and maintaining a posi-
tion is thus directly related to the resultant illusory motion.
The autokinetic phenomenon may thus be regarded as due to
the elements of strain and effort involved. The effective prin-

1 Carr, ibid., pp. 75-77.



THE AVTOKINET1C SENSATION. 71

ciple maybe either the neuro-muscular tension or the resulting
sensory experience involved in maintaining the bulb in a position
against the resistant forces of the fatty tissues.

If an altered condition of the neuro-muscular mechanism
resulting from previous activity can modify the illusion, it would
seem that the previous neuro-muscular tension itself should be
highly effective. Now the illusory effects of tension are directly
related to the after-effects of that tension. This fact leads to the
assumption that the effective principle in strain and effort is rather
the neuro-muscular tension than the resulting sensory com-
ponent. This view would possess the advantage of unity and
simplicity, in that it reduces all four effective factors previously
enumerated to the one principle, viz., that the autokinetic illu-
sion is mainly determined by the changing neuro-muscular
conditions involved in a continuous fixation. From the stand-
point of this article, however, there is no objection to ascribing
a functional efficiency to the sensory component involved.

The sense of motion is our awareness of a change within a
system of space relationships. Motion is relative. The fixated
light must move in reference to something. This does not
mean that the subject must necessarily be overtly conscious of
the basal term and its space relation to the moving object. It
does mean that the basal term must be represented at least in
the background of the total experience. Its existence is neces-
sary to mediate the sense of motion.

In illusions of the first type, the point of fixation participates
in the movement. The illusion refers to the object of foveal
consciousness. The light cannot move in reference to any
other visual object, for no visual points of reference exist.
This possibility is excluded by the conditions of the experiment.
The only possible basal term of reference is the space feeling
of the body as represented by the kinesthetic and organic sen-
sations and the tactual experiences due to contact with objects
in the room. In these conditions of perception, the object of
foveal activity stands in a constant space relation to the eye.
This fact was demonstrated by the tests on eye movement.
Consequently the eyes are the only possible means of connec-
tion between the visual object and bodily space. The eyes,
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factually and kinesthetically considered, are a part of the bodily
space. A correct definition of the position of the visual object
relative to the body thus depends upon a correct appreciation
of the eye-body relation. Any unusual conditions of the eye-
body relation must result in an erroneous sense of the position
of the fixated light in reference to the body.

The point of fixation appears stationary with respect to bodily
position in the second type of the illusion. As a matter of fact
it has moved because the eyes have undergone rotation. The
fundamental fact is not the apparent motion of the light but the
lack of motion on the part of the fixation point. The illusion
occurs on account of an erroneous sense as to the spatial rela-
tion of the point of fixation in reference to the body, and this is
mediated through an erroneous appreciation of the eye-body re-
lation. Both types of illusion are to be explained on a similar
basis.

The above situation may be contrasted with that of normal
perception. The point of fixation or the visual field in both
cases stand in a given fixed relation to the bulb. In normal
perception, the mutual definition of the visual and the organic
space systems depends upon several cooperating factors: (i)
Certain objects appear in both space systems. The brows,
nose, hands, feet, etc., are both seen and felt. The body as
felt is often in direct contact with objects seen. The hands are
moved to touch and explore the visual objects. The two sys-
tems of space experiences thus overlap. Mutual adjustments
and definitions are rendered not only potential but necessary.
(2) Steady fixation rarely ever occurs. Through movements of
the eyes, head or body, objects are continually entering into and
disappearing from visual space. (3) Kinesthetic-tactual cues as
to the eye-body relation are furnished by pronounced eye or
head movements. Inasmuch as the visual space occupies a
given relation to the eye, any appreciation of the eye-body space
relation organically sensed aids the mutual definition of the
bodily and visual space. By these three means one develops
a rather accurate mutual definition of two space experiences.
One's definitive reactions come to be relatively immediate, auto-
matic and habitual. The attention is centered upon the results
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and not upon the sensory means, or cues. The position of any
foveal object is immediately denned in terms of right or left,
above or below. (4) Each rotary eye adjustment, or ocular
attitude, must develop in time from the above sensory cues a
certain spatial meaning or significance, whereby it is possible,
if necessary, to define the direction of fixated objects and to
adapt the body thereto. These ocular attitudes, form a fourth
means for the mutual definition of the two systems of space.
Inasmuch as our spatial definitions become immediate and auto-
matic, it is probable that these motor attitudes play an increasing
role in the ordinary adjustments to visual space.

In the autokinetic illusions, the first three of the above
mediating connections are excluded by the conditions of the
observation. Only the light is seen. Neither the body nor the
objects in contact with the body are perceived. Constant fixa-
tion is maintained. The head and body are stationary. No
new objects can enter the visual field. Eye or head movements
sufficient to arouse adequate kinesthetic-tactual cues are elimi-
nated. A continuous ocular attitude forms the only link be-
tween the two space worlds. All definitions of direction must
be made on the basis of the spatial significance which these
motor attitudes have already attained. Naturally the potential
value and accuracy of such a mediating factor may vary with
individuals.

The theory assumes that this remaining link, the motor atti-
tude, may be modified by various influences during the course
of a long fixation so that its directional significance is gradually
altered. As a consequence the subject's definition of spatial
relation undergoes gradual transformation and an illusion of
motion results. A position which at first seems to be directly in
front of the observer is finally defined as being to his right.
Since it is the meaning of the ocular adjustment that changes,
thus giving rise to the illusion, it is proper to say that it is one's
idea of direction which is altered, or that it is one's visual con~
ceptualspace world which, in reality, moves. It does not follow
from this proposition, that the directional position of the light is
completely subject to voluntary control, varying at the slightest
wish. Ideas possess their given fixed characteristics to varying
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degrees. The idea of direction can be changed only by altering
or modifying in some way the character of the underlying
motor-adjustment, as was exemplified in the section on volun-
tary control. Complete or absolute control would only be possi-
ble when all four connecting factors were destroyed.

This general conception is supported by several observations
already described. If any of the three connecting cues excluded
by the imposed conditions are suddenly introduced, a quick
transformation of directional values results. The light has ap-
parently moved thirty degrees to the right. Illumine the room
and this sense of ' Tightness' is immediately transformed to the
' in front feeling.' The given relation of the light and the body
has remained unaltered throughout. The changes have occurred
in the directional significance of the light as expressed in verbal
or bodily reactions. The change has been one of motor inter-
pretation. Rotate the eyes, wink, or press upon the bulb suffi-
ciently to awaken tactual cues as to the eye position, and one's
idea of direction based upon a fatigued ocular attitude is modi-
fied and corrected to some degree. This process of modifica-
tion, or of transformation of space values occurring during the
illusion, also temporarily destroys the illusory motion, checks its
velocity, or awakens a sense of a return movement. If a sudden
change in one's idea of direction can destroy or check a move-
ment, or even substitute in its place a sense of motion in the
opposite direction, the assumption that the original illusory
movement is due to a gradual change in the idea of direction is
not illogical. These sudden revaluations of directional signifi-
cance occurring from time to time during the illusion are but
special cases of the gradual alterations which produce it.

Such a conception presents difficulties but it systematizes and
unifies the facts rather successfully. Inasmuch as the eyes nor-
mally are in almost constant motion, their acquired spatial mean-
ing is based upon a merely temporary fixation. During a pro-
longed fixation fatigue occurs and the attitude from the standpoint
of volition keeps gradually changing. Objectively speaking,
the adjustment does not vary, but this fact does not matter. It
is the functional, the dynamic attitude that is important. The
psycho-physiological mechanism of adjustment does vary. The
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fatigue effects due to previous strain are likewise influential in-
asmuch as they demand compensatory adjustment. The strains
and efforts cited under the section on voluntary control simply
represent an abnormal adjustment. In illusions of the second
type, the motor attitude is maintained though the eye-ball and
consequently the fixation point do move. The point seems to
maintain the same position throughout. The illusory interpreta-
tion of the position of the fixation leads to an erroneous inter-
pretation of the position of the light. In such a theory involun-
tary eye movements can play but little part. Any movements
large enough to awaken tactual cues would tend to destroy the
illusion. The consequent retinal shiftings would be represented
as disturbing fluctuations. If any aspect of these movements
were integrated into the illusion, it would be the fluctuating motor
tension. Outside of this, steadiness of fixation or lack of move-
ment, will favor the velocity and continuity of the illusion.


